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Description 

Technical Field 

[0001] The present invention generally relates to cel- 
lular phone terminals and more particularly, to a foldable 
cellular phone terminal. 

Background Art 

[0002] An example of a conventional foldable cellular 
phone terminal is shown in Figs. 8A and 8B. In Figs. 8A 
and 8B, "801" denotes an upper housing, ,, 802" a lower 
housing, "803" a hinge, "804" an upper printed board, 
"805" a lower printed board, "806" a flexible printed wir- 
ing board, "807" an external antenna, "8 0B" a strip line 
antenna, "809° an upper connector, "810" a lower con- 
nector and "81 1 " a feeding point for the strip line antenna 
808. 

[0003] In the upper and lower housings 801 and 802 
acting as two split pieces folded on each other by the 
hinge 803 in the arrangement shown in Figs. 8A and 8B, 
a portion of a conductive pattern line on the flexible print- 
ed wiring board 806 for electrically connecting the upper 
printed board 804 and the lower printed board 805 is 
used as the strip antenna 808 and a portion of the upper 
connector 809 acts as the feeding point 811 for the strip 
line antenna 808 as disclosed in Japanese Patent Laid- 
Open Publication No. 10-308618 (1998). 
[0004] Meanwhile, Figs. 9A and 9B show an example 
of an arrangement in which an external antenna used 
for both transmission and reception is provided in a low- 
er housing. In Figs. 9A and 9B, "901" denotes an upper 
housing, "902" a lower housing, "903" a hinge, "904" an 
upper printed board, "905" a lower printed board, "906" 
a flexible printed wiring board, "907" an external anten- 
na, "908" a built-in antenna, "909" an upper connector 
and "910" a lower connector. In this case, the built-in 
antenna 908 is provided in the lower housing 902. 
[0005] Furthermore, Figs. 10A and 10B show an ex- 
ample of an arrangement in which one turn of a flexible 
printed wiring board is passed through a hinge. In Figs. 
10A and 10B, "1001" denotes an upper housing, 
"1001a" a front casing of the upper housing 1001, 
" 1 001 b M a rear cover of the upper housing 1 001 , "1 001 c" 
a hinge of the upper housing 1 001 , "1 001 d" and "1 001 e" 
semicircular hinges of the upper housing 1001, "1002" 
a lower housing, "1002a" a front casing of the lower 
housing 1002, "1 002b" a rear cover of the lower housing 
1002, "1002c° a hinge of the lower housing 1002, 
"1002d" and "1002e" semicircular hinges of the lower 
housing 1002, "1003" an external antenna, "1004" a re- 
ceiver, "1005" a display unit, "1006" dial buttons, "1007" 
a transmitter, "1008" a flexible printed wiring board and 
"1009" a coaxial cable. In this case, the upper housing 
1001 provided with the external antenna 1003 and the 
receiver 1 004 and the lower housing 1 002 provided with 
the transmitter 1007 are rotated about an axis of the 



hinges 1001c an'd 1002c so as to be folded on each 
other. 

[0006] The semicircular hinges 1 001 d and 1 001 e dis- 
posed at a central portion of the hinge 1001c and the 

5 semicircular hinges 1002d and 1002e disposed at a 
central portion of the hinge 1002c are formed hollowly. 
One turn of the flexible printed wiring board 1008 is 
passed along an inside diameter of the semicircular 
hinges 1 001 d, 1001e, 1002d and 1 002e, while the co- 

10 axial cable 1009 is inserted into the turn of the flexible 
printed wiring board 1 008 and extends along the flexible 
printed wiring board 1 008 so as to be connected to the 
external antenna 1003 as disclosed in Japanese Patent 
Laid-Open Publication No. 6-311216 (1 994). 

is [0007] However, in the conventional cellular phone 
terminal shown in Figs. 8A and 8B, such a problem aris- 
es that since shape of the strip line antenna 808 formed 
on the flexible printed wiring board 806 changes greatly 
between a folding state and an unfolding state of the 

20 conventional cellular phone terminal, its impedance 
characteristics change extraordinarily. In addition, in 
case element duration is equal to about (7J2), such a 
drawback is also incurred that since electric current is 
concentrated at the strip line antenna 808, introduction 

25 of noise into other signal conductor lines becomes in- 
tense. 

[0008] Meanwhile, in case the built-in antenna 908 is 
provided in the lower housing 902 as shown in Figs. 9A 
and 9B, the lower housing 902 is usually gripped by a 
30 hand when the prior art cellular phone terminal is held 
by the hand, so that deterioration of characteristics of 
the built-in antenna 908 becomes heavier disadvanta- 
geously. 

[0009] Moreover, in case a strip line antenna is formed 
35 on the flexible printed wiring board 1008 and element 
duration is not more than (A/2) in the known arrange- 
ment of Figs. 1 0A and 1 0B in which one turn of the flex- 
ible printed wiring board 1 008 is passed along an inside 
diameter of the hollow formed at the central portion of 
40 the hinges 1 001 c and 1 002c so as to be passed there- 
through, electric currents flow in opposite directions on 
the strip line antenna wound one turn so as to cancel 
each other, thereby resulting in inconvenient drop of ra- 
diant efficiency. 

45 

Disclosure of Invention 

[0010] The present invention has for its object to pro- 
vide a foldable cellular phone terminal in which the 
so above mentioned drawbacks of prior art are 
eliminated. , 

[0011] In order to accomplish the object, a cellular 
phone terminal of the present invention is characterized 
in that monopole antennas are formed on a flexible print- 
55 ed wiring board and printed boards connected foldably 
by the flexible printed wiring board. Meanwhile, in an ar- 
rangement in which one turn of the flexible printed wiring 
board.is wound around a hinge, there is a feature that 
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the monopole antennas are spaced away from an ex- 
terna! antenna. Furthermore, there is another feature 
that a finger grip portion is provided on a lower housing. 

Brief Description of Drawings 

[0012] 

Figs. 1 A and 1B are, respectively, a cutaway front 
elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 
nal according to a first embodiment of the present 
invention. 

Figs. 2A and 2B are, respectively, afront elevational 
view and a transverse sectional view showing an 
arrangement of a flexible printed wiring board em- 
ployed in the cellular phone terminal of Fig. 1 . 
Figs. 3A and 3B are, respectively, afront elevational 
view and a transverse sectional view showing an 
arrangement of a flexible printed wiring board em- 
ployed in a cellular phone terminal according to a 
second embodiment of the present invention. 
Figs. 4A and 4B are respectively, afront elevational 
view and a transverse sectional view showing an 
arrangement of a flexible printed wiring board which 
is a modification of the flexible printed wiring board 
of Fig. 3. 

Figs. 5A and 5B are, respectively, cutaway front el- 
evational views showing an arrangement and a 
hand-held state of a cellular phone terminal accord- 
ing to a third embodiment of the present invention. 
Figs. 6A and 6B are, respectively, cutaway front el- 
evational views showing arrangements of cellular 
phone terminals which are first and second modifi- 
cations of the cellular phone terminal of Fig. 5. 
Figs. 7 A and 7B are, respectively, a cutaway front 
elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 
nal according to a fourth embodiment of the present 
invention. 

Figs. 8 A and 8B are, respectively, a cutaway front 
elevational view and a longitudinal sectional view 
showing an arrangement of a first prior art cellular 
phone terminal. 

Figs. 9A and 9B are, respectively, a cutaway front 
elevational view and a longitudinal sectional view 
showing an arrangement of a second prior art cel- 
lular phone terminal. 

Figs. 10A and 10B are, respectively, a perspective 
view and a fragmentary exploded perspective view 
showing an arrangement of a third prior art cellular 
phone terminal. 

Figs. 11 A and 11 B are respectively, a cutaway rear 
elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 
nal according to a fifth embodiment of the present 
invention. 

Figs. 1 2A and 1 2B are, respectively, a cutaway rear 



elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 
nal according to a sixth embodiment of the present 
invention. 

5 Figs. 1 3A and 1 3B are, respectively, a cutaway rear 
elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 
nal which is a first modification of the cellular phone 
terminal of Fig. 12. 

10 Figs. 1 4 A and 1 4B are, respectively, a cutaway rear 
elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 
nal which is a second modification of the cellular 
phone terminal of Fig. 12 and Fig. 14C is a sche- 

15 matte rear elevational view of an upper housing of 
this cellular phone terminal. 
Figs. 15A and 15Bare, respectively, a cutaway rear 
elevational view and a longitudinal sectional view 
showing an arrangement of a cellular phone termi- 

20 nat which is a third modification of the cellular phone 
terminal of Fig. 12. 

Best Mode for Carrying Out the Invention 

25 (First embodiment) 

[0013] Hereinafter, a first embodiment of the present 
invention is described with reference to Figs. 1 A and 1B 
and Figs. 2A and 2B. Figs. 1 A and 1 B show an example 

30 of an arrangement of a cellular phone terminal accord- 
ing to the first embodiment of the present invention. In 
Figs. 1 A and 1 B, "1 01 " denotes an upper housing, "1 02" 
a lower housing, "103" a hinge, "104" an upper printed 
board, "1 05" a lower printed board, M 1 06" a flexible print- 

35 ed wiring board, "1 07" an external antenna, "1 08" a con- 
ductive pattern, "109" an upper connector, "110" a lower 
connector and "111" an antenna feeding point. 
[0014] Figs. 2 A and 2B shows an example of an ar- 
rangement of the flexible printed wiring board 106 of 

^0 Figs, 1 A and 1 B. In Figs. 2A and 2B, "201 " denotes an 
antenna conductive pattern, "202" a conductive pattern, 
"203" an upper cover film and "204" a lower cover film. 
At this time, a monopole antenna is constituted by the 
antenna conductive pattern 201 on the flexible printed 

45 wiring board 1 06 and the conductive pattern 1 08 and is 
fed from the antenna feeding point 111 on the lower 
printed board 105. 

[0015] In case a length of the monopole antenna is 
set at about (A/2), electric current on the lower printed 

50 board 105 decreases, so that it will be possible to re- 
strain deterioration of characteristics, which is caused 
by holding the lower housing 102 with a hand. In addi- 
tion, in case a length of the flexible printed wiring board 
106 is not more than one fourth of a wavelength, antin- 

55 ode of standing wave in current distribution on the an- 
tenna is present on the conductive pattern 1 08. In such 
a case, since radiant characteristics of the monopole an- 
tenna are substantially determined by the conductive 
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pattern 1 08, changes of the radiant characteristics upon 
unfolding and folding of the cellular phone terminal can 
be lessened. Furthermore, since node of standing wave 
in current distribution is present in the neighborhood of 
the antenna feeding point 111 , changes of current dis- 
tribution upon unfolding and folding of the cellular phone 
terminal are small, so that it will be possible to restrain 
changes of impedance characteristics. In addition, since 
electric current on the flexible printed wiring board 1 06 
decreases, introduction of noise into "other signal con- 
ductor lines can be restrained than that of prior art. 
[0016] Meanwhile, in this embodiment, the flexible 
printed wiring board 106 is connected to the upper and 
lower printed boards 1 04 and 1 05 by the upper and low- 
er connectors 109 and 110, respectively by way of ex- 
ample. However, it is needless to say that the flexible 
printed wiring board 106 may be formed integrally with 
the upper and lower printed boards 1 04 and 105. Espe- 
cially, when the upper printed board 1 04 and the flexible 
printed wiring board 106, which include the monopole 
antenna, are formed integrally with each other, it is pos- 
sible to upgrade degree of freedom of design of the mo- 
nopole antenna. 

[0017] Meanwhile, if a passive element is provided 
adjacent to a whole or a portion of the monopole anten- 
na of this embodiment, element duration of the monop- 
ole antenna can be shortened but the monopole anten- 
na operates in the same mechanism as this embodi- 
ment. 

[0018] Also in case a microstrip line is formed by 
bringing ground close to a portion of the monopole an- 
tenna of this embodiment, the same effects as those of 
this embodiment can be gained. 
[0019] Meanwhile, in case a great influence of intro- 
duction of noise into other signal conductor lines is ex- 
erted by an antenna element on the flexible printed wir- 
ing board 106, it is considered that a microstrip line is 
formed by bringing ground close to a portion or a whole 
of the antenna element on the flexible printed wiring 
board 1 06. In this case, the antenna element on the flex- 
ible printed wiring board 106 may function as a part of 
the monopole antenna. 

[0020] It is to be noted that the monopole antenna is 
not necessarily used exclusively for reception. In this 
embodiment, the monopole antenna is used in combi- 
nation with the external antenna 107 as an example. 
However, it is needless to say that the monopole anten- 
na can be used for both transmission and reception. In 
this case, it is possible to perform diversity reception by 
combining the monopole antenna with another built-in 
antenna. 

[0021] Meanwhile, position of the external antenna 
107 is not restricted to that shown in Figs. 1A and 1B 
and it is natural that only a built-in antenna may also be 
provided by eliminating the external antenna 107. 



(Second embodiment) 

[0022] Hereinafter, a second embodiment of the 
present invention is described with reference to Figs. 3A 

5 and 3B. Figs. 3A and 3B show an example of an ar- 
rangement of a flexible printed wiring board 106 em- 
ployed in a cellular phone terminal according to the sec- 
ond embodiment of the present invention. In Figs. 3A 
and 3B, "301" denotes an antenna conductive pattern, 

10 "302" an upper conductive pattern, "303" a lower con- 
ductive pattern, "304" an upper cover film, "305" an in- 
termediate cover film and "306" a lower cover film. 
[0023] In Figs. 4A and 4B showing a modification of 
the flexible printed wiring board 1 06 of Fig. 3, "401" de- 

15 notes an antenna conductive pattern, "402" a first con- 
ductive pattern, "403" a second conductive pattern, 
"404" a third conductive pattern, "405" a first cover film, 
"406" a second cover film, "407" a third cover film and 
"408" a fourth cover film. 

20 [0024] Meanwhile, in this embodiment, the antenna 
conductive patterns 301 and 401 are, respectively, 
formed in the same layers as those of the conductive 
patterns 302 and 403 by way of example but the present 
invention is not restricted to this arrangement. 

25 [0025] In Figs. 3A and 3B, a microstrip line is consti- 
tuted by the upper conductive pattern 302 acting as a 
signal conductor line and the lower conductive pattern 
303 acting as a ground wire. By this arrangement, it is 
possible to lessen the influence of noise introduction ex- 

30 erted by the antenna, etc., which is effective for a case 
in which thickness of the flexible printed wiring board 
106 is limited by its hardness or strength. 
[0026] In Figs. 4A and 4B, a triplate line is formed in 
which the second conductive pattern 403 acting as a sig- 

35 nal conductor line is interposed between the first and 
third conductive pattern 402 and 404 each acting as a 
ground wire. By this arrangement, the influence of noise 
introduction exerted by the antenna, etc. can be further 
lessened than that of Figs. 3A and 3B. 

40 [0027] Meanwhile, if a passive element is provided 
adjacent to a whole or a portion of the antenna conduc- 
tive pattern of this embodiment, element duration of the 
monopole antenna can be shortened but the monopole 
antenna operates in the same mechanism as this em- 

45 bodiment. 

[0028] Meanwhile, in order to shorten element dura- 
tion of the monopole antenna, it is considered that 
ground is brought close to a portion of the antenna con- 
ductive pattern in the same manner as the first embod- 

50 iment and thus, introduction of noise into other signal 
conductor lines can be restrained effectively. 

(Third embodiment) 

55 [0029] Hereinafter, a third embodiment of the present 
invention is described with reference to Figs. 5A and 5B. 
Figs. 5A and 5B show an example of an arrangement 
of a cellular phone terminal according to the third em- 
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bodiment of the present invention, in which a concavely 
recessed finger grip is provided in a lower housing. In 
Figs. 5A and 5B, "501 " denotes an upper housing, "502" 
a lower housing, "502a" a first finger grip portion, "502b" 
a second finger grip portion, "503" a hinge, "504" an ex- 
ternal antenna, "505" an upper printed board, "506" a 
lower printed board, "507" a built-in antenna, "508" a 
flexible printed wiring board; "509" an upper connector, 
"510" a lower connector and "511" a left hand. In this 
embodiment, the cellular ,phone terminal is held by the 
left hand 511 by way of example but may be, needless 
to say, held by a right hand. 

[0030] In Figs. 6A and 6B showing first and second 
modifications of the cellular phone terminal of Fig. 5, re- 
spectively, "601" and "605" denote lower housings, 
"601a" and "605a M finger grip portions, "602" and "606" 
hinges, "603" a lower printed board, "604" an upper 
housing. 

[0031] In the arrangement of Figs. 5A and 5B, the ex- 
ternal antenna 504 and the built-in antenna 507 are pro- 
vided in the upper housing 501 . On the other hand, in 
the arrangements of Figs. 6A and 6B, the external an- 
tenna 1 07 is provided in the lower housings 601 and 605 
and a monopole antenna is formed on the upper printed 
board 104 and the flexible printed wiring board 106. In 
this case, grounds of the upper printed boards 505 and 
1 04 and the lower printed boards 506 and 603 are elec- 
trically connected to each other only by ground wires of 
the flexible printed wiring boards 508 and 1 06 and thus, 
the upper printed boards 505 and 104 and the lower 
printed boards 506 and 603 are in a very weak ground- 
ing state. 

[0032] In such a case, it is considered that grounds of 
the upper housings 501 and 1 01 and the lower housings 
502 and 601 are not common with each other. Namely, 
when the lower housings 502 and 601 are held by a 
hand, it can be expected that characteristics of the ex- 
ternal antenna 504 and the built-in antenna 507 provid- 
ed in the upper housing 501 do not deteriorate. Like- 
wise, when the lower housing 601 is held by a hand, it 
can be expected that characteristics of the monopole 
antenna provided in the upper housing 101 do not de- 
teriorate. 

[0033] When a conventional foldable cellular phone 
terminal has been unfolded, the conventional cellular 
phone terminal takes a straight shape as shown in Figs. 
8A and 8B and thus, is held at different positions by us- 
ers. Thus, by providing the concave first finger grip por- 
tion 502a or the concave second finger grip portion 502b 
on the lower housing 502 as shown in Figs. 5A and 5B, 
position for holding the cellular phone terminal can be 
restricted to the lower housing 502, so that it is possible 
to prevent deterioration of antenna characteristics due 
to holding of the cellular phone terminal by a hand. 
[0034] Meanwhile, in this embodiment, the concave 
finger grip portions are provided at an upper portion of 
the lower housing as an example but are not limited to 
this example. Hence, it is-needless to say that the same 



8 

effect can be gained also by widening a lower portion of 
the lower housing relative to a neighborhood of the 
hinge of the lower housing. 

[0035] Meanwhile, the finger grip portion may have 
5 such a shape as the finger grip portion 605a in Fig. 68. 
In this case, if the upper housing 604 having a shape 
corresponding to that of the lower housing 605 is pro- 
vided, design of the folded cellular phone terminal is up- 
graded. In addition, if a convex projection is provided on 
10 the hinge 606, the finger can readily grip the finger grip 
portion 605a. 

[0036] If the cellular phone terminal is designed to a 
shape associated with a shell or an egg, a width of the 
neighborhood of the hinge naturally can be made nar- 
*5 rower than a maximum width of the hosing. In this case, 
the neighborhood of the hinge of the lower housing is 
considered to function as a finger grip portion. 
[0037] Meanwhile, if in addition to the finger grip por- 
tion of the lower housing, a neighborhood of the hinge 
20 of the upper housing is formed into a shape similar to 
that of the finger grip portion, it can be expected that an 
upper limit for holding the cellular phone terminal is set. 
This setting of the upper limit is especially useful for a 
case in which the cellular phone terminal is of small size. 
[0038] In this embodiment, the finger grip portion is 
concave as observed in a front elevational view of Fig. 
5A by way of example but may be naturally provided 
also on a rear face of the cellular phone terminal. 
[0039] The monopole antenna is not necessarily used 
exclusively for reception. In this embodiment, the mo- 
nopole antenna is used in combination with the external 
antenna by way of example but can be, needless to say, 
used for both transmission and reception. In this case, 
it is possible to perform diversity reception by combining 
the monopole antenna with another built-in antenna. 
[0040] Meanwhile, position of the external antenna is 
not restricted to the illustrated ones and only the built- 
in antenna may be naturally employed by eliminating the 
external antenna. 

(Fourth embodiment) 

[0041] Hereinafter, a fourth embodiment of the 
present invention is described with reference to Figs. 7A 
and 7B. Figs. 7A and 7B show an example of an ar- 
rangement of a bellular phone terminal according to the 
fourth embodiment of the present invention. In Figs. 7A 
and 7B, "701 ■ denotes a hinge, "702" a flexible printed 
wiring board, "702a" a first conductive pattern, "702b" a 
second conductive pattern and "703" a second antenna 
conductive pattern. 

[0042] In this arrangement, one turn of the flexible 
printed wiring board 702 is passed along an inside di- 
ameter of a hollow of the hinge 701 . At this time, it is 
vital that the flexible printed wiring board 702 should be 
disposed such that the external antenna is distant from 
the first conductive pattern 702a and the antenna con- 
ductive pattern 703 which constitute a monopole anten- 
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na. Namely, itis vital that the lower connector 110 should 
be disposed more leftwards than the upper connector 
109 in case the external antenna 107 is disposed at a 
left portion of the lower housing 102. As a result, since 
the external antenna 1 07 can be made distant from the 
monopole antenna, the coefficient of correlation de- 
creases and thus, diversity gain is upgraded. Further- 
more, in this case, it is considered that the effects are 
heightened by disposing the antenna conductive pattern 
703 at a right portion of the flexible printed wiring board 
702. 

[0043] In this embodiment, the external antenna 1 07 
is disposed at the left portion of the lower housing 1 02 
as an example but is not restricted to this example. Also 
when the external antenna 107 is disposed at a right 
portion or an upper portion of the lower housing 1 02, the 
same effects can be, needless to say, achieved by mak- 
ing the external antenna 1 07 distant from the monopole 
antenna. 

[0044] Meanwhile, in this embodiment, the flexible 
printed wiring board 702 is wound one turn as an exam- 
ple but is not restricted to this example. Also when the 
flexible printed wiring board 702 is not wound one turn, 
the same effects can be, needless to say, gained by 
making the external antenna 107 distant from the mo- 
nopole antenna. 

[0045] The monopode antenna is not necessarily 
used exclusively for reception. In this embodiment, the 
monopole antenna is used in combination with the ex- 
ternal antenna by way of example but can be s needless 
to say, used for both transmission and reception. In this 
case, it is possible to perform diversity reception by com- 
bining the monopole antenna with another built-in an- 
tenna. 

[0046] Meanwhile, position of the external antenna is 
not restricted to the illustrated one and only the built-in 
antenna may be naturally employed by eliminating the 
external antenna. 

(Fifth embodiment) 

[0047] Hereinafter, a fifth embodiment of the present 
invention is described with reference to Figs. 11 A and 
1 1B in which parts similar to those of Figs. 1A and 1 B 
are designated by their reference numerals. Figs. 11 A 
and 1 1 B show an example of an arrangement of a cel- 
lular phone terminal according to the fifth embodiment 
of the present invention. In Figs. 11A and 11B, "1101" 
denotes a portable radio device, "1102" a matching cir- 
cuit portion : "11 03" a first switching circuit, "1 1 04" a sec- 
ond switching circuit, "1105" a first matching circuit, 
"1106" a second matching circuit, "1107" an antenna 
feeding point and "1108" a display. 
[0048] By way of example, a case is described in 
which the cellular phone terminal is operated at two fre- 
quencies f1 and f2 on the supposition that the frequen- 
cies f1 and f2 have a relation of (2f1=f2). In case the 
cellular phone terminal is operated at the frequency f 1 , 



a length of the conductive pattern 1 08 and the antenna 
element on the flexible printed wiring board 1 06 is preset 
at an electric length of about (A/4). In this case, the first 
switching circuit 1 1 03 is controlled so as to conduct ter- 
5 minals 1103a and 1103b to each other and the second 
switching circuit 1104 is controlled so as to conduct ter- 
minals 1104a and 1104b to each other. 
[0049] Meanwhile, at the frequency f 1 , the first match- 
ing circuit 1105 is arranged to attain conjugated match- 
10 ing of an impedance in which the circuit is observedf rom 
the antenna feeding point 11 07. At the time of transmis- 
sion, a signal having the frequency f1 is inputted from 
the antenna feeding point 1 1 07 to the terminal 11 04a of 
the second switching circuit 11 04 so as to be applied to 
15 the first matching circuit 1 1 05 via the terminal 1 1 04b. An 
output signal from the first matching circuit 1105 is in- 
putted to the terminal 11 03b of the first switching circuit 
1103 and is radiated, through the terminal 1103a, to 
space from the antenna element on the flexible printed 
20 wiring board 106 and the conductive pattern 108. At the 
time of reception, the signal having the frequency f 1 fol- 
lows the path of transmission reversely so as to be in- 
putted to the antenna feeding point 1107. At this time, 
since the antenna element on the flexible printed wiring 
25 board 106 and the conductive pattern 108 act as a (A/ 
4) monopole antenna, characteristics of wider band can 
be obtained as compared with those of a (A/2) monopole 
antenna. 

[0050] Then, in case the cellular phone terminal is op- 
30 erated at the frequency f2, the first switching circuit 1 1 03 
is controlled so as to conduct terminals 1 1 03a and 1 1 03c 
to each other and the second switching circuit 1104 is 
controlled so as to conduct terminals 1104a and 1104c 
to each other. Meanwhile, at the frequency f2, the sec- 
35 ond matching circuit 1106 is arranged to attain conjugat- 
ed matching of an impedance in which the circuit is ob- 
served from the antenna feeding point 1 1 07. At the time 
of transmission, a signal having the frequency f2 is in- 
putted from the antenna feeding point 1107 to the ter- 
40 minal 1104a of the second switching circuit 1104 so as 
to be applied to the second matching circuit 1 1 06 via the 
terminal 1 1 04c. An output signal from the second match- 
ing circuit 1106 is inputted to the terminal 1103c of the 
first switching circuit 1103 and is radiated, through the 
45 terminal 11 03a, to space from the antenna element on 
the flexible printed wiring board 106 and the conductive 
pattern 108. At the time of reception, the signal having 
the frequency f2 follows the path of transmission re- 
versely so as to be inputted to antenna feeding point 
so 11 07. At this time, since the antenna element on theflex- 
ible printed wiring board 1 06 and the conductive pattern 
1 08 act as a (A/2) monopole antenna, quantity of electric 
current flowing through the board can be lessened as 
compared with that of a (A/4) monopole antenna. 
55 [0051] When the antenna acting as a (A/4) monopole 
antenna is operated as a (A/4) monopole antenna, its 
resonance can be obtained at the different frequencies 
by effecting changeover of the matching circuits as de- 
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scribed above. Especially, since an antenna of a (A/4) 
resonance system can achieve characteristics of wider 
band as compared with those of an antenna of a (A/2) 
resonance system, the resonance is suitable for a case 
in which in a plurality of the frequencies, the lower fre- 
quency has a wide band. For example, the resonance 
is suitable for a composite device having a 800-MHz 
band and a 1.5-GHz band in personal digital cellular 
(PDC) system and a composite device of PDC system 
and wideband code division multiple access (W-CDMA) 
system. Since quantity of electric current flowing 
through the housing or the board can be lessened by 
the antenna of the (A/2) resonance system more than 
the antenna of the (A/4) resonance system, it is possible 
to restrain deterioration of antenna characteristics of the 
(A/2) resonance system, which is caused by holding the 
cellular phone terminal by a hand. As the frequency is 
raised further, propagation loss becomes larger. Thus, 
if the higher frequency in a plurality of the frequencies 
is used for the (A/2) resonance system, antenna char- 
acteristics at the time of use of the human body can be 
improved. 

[0052] The monopole antenna is not necessarily used 
exclusively for reception. In this embodiment, the mo- 
nopole antenna is used in combination with the external 
antenna by way of example but can be, needless to say, 
used for both transmission and reception. In this case, 
it is possible to perform diversity reception by combining 
the monopole antenna with another built-in antenna. 
[0053] Meanwhile, position of the external antenna is 
not restricted to the illustrated one and only the built-in. 
antenna may be naturally employed by eliminating the 
external antenna. 

(Sixth embodiment) 

[0054] Hereinafter, a sixth embodiment of the present 
invention is described with reference to Figs. 12A and 
12B in which parts similar to those of Figs. 1A and 1B 
and Figs. 11Aand 11B aredesignated by their reference 
numerals. Figs. 12A and 12B show an example of an 
arrangement of a cellular phone terminal according to 
the sixth embodiment of the present invention. In Figs. 
12A and 12B, "1201" denotes a portable radio device, 
"1202" a first antenna element, "1203" a second anten- 
na element, "1204" a flexible printed wiring board, 
"1 205" a first antenna feeding point and "1 206" a second 
antenna feeding point. 

[0055] As an example, a case is described in which 
the antennas act as (A/4) monopole antennas at the two 
frequencies f1 and f2, respectively. In this case, the fre- 
quencies f 1 and f2 are not required to satisfy the relation 
of (2f1=rf2). In case the cellular phone terminal is oper- 
ated at the frequency f1, a length of the first antenna 
element 1202 and a first conductive pattern 1204a on 
the flexible printed wiring board 1204 is preset at an 
electric length of about (A/4). At the time of transmission, 
a signal having the frequency f1 and inputted from the 



first antenna feeding point 1205 is radiated to space 
from the first conductive pattern 1204a on the flexible 
printed wiring board 1 204 and the first antenna element 
1 202. At the time of reception, a reception signal having 
5 the frequency f 1 and delivered from the first antenna el- 
ement 1202 and the first conductive pattern 1204a on 
the flexible printed wiring board 1204 is inputted from 
the first antenna feeding point 1205 to a reception cir- 
cuit. 

10 [0056] In case the cellular phone terminal is operated 
at the frequency f2, a length of the second antenna el- 
ement 1203 and a second conductive pattern 1204b on 
the flexible printed wiring board 1204 is preset at an 
electric length of about (A/4). At the time of transmission, 

15 a signal having the frequency f2 and inputted from the 
second antenna feeding point 1 206 is radiated to space 
from a second conductive pattern 1204b on the flexible 
printed wiring board 1204 and the second antenna ele- 
ment 1203. At the time of reception, a reception signal 

20 having the frequency f2 and delivered from the second 
antenna element 1203 and the second conductive pat- 
tern 1204b on the flexible printed wiring board 1204 is 
inputted from the second antenna feeding point 1 206 to 
the reception circuit. 

25 [0057] By using a plurality of the antenna elements 
and the conductive patterns selectively as described 
above, the cellular phone terminal is capable of dealing 
with a plurality of frequency bands. By setting the length 
of the antenna element and the conductive pattern at an 

30 electric length of about (A/4) in each frequency band, it 
is possible to obtain wide-band characteristics in each 
frequency band. 

[0058] In this embodiment, the two antennas are pro- 
vided but the number of the antenna is not restricted to 
35 two. Thus, at least two antennas may be employed as 
constituent elements. 

[0059] Meanwhile, in this embodiment each of both 
of the two antennas includes as its constituent element 
the antenna element on the upper printed board but the 

40 present invention is not restricted to this arrangement. 
Hence, at least one of a plurality of the antennas may 
include as its constituent elements the antenna element 
on the upper printed board and the conductive pattern 
on the flexible printed wiring board. 

45 [0060] Furthermore, in this embodiment, only a case 
in which the electric length is about (A/4) has been de- 
scribed but the present invention is not restricted to this 
case. Also in the case where the electric length is about 
(A/2), it is likewise possible to cope with a plurality of the 

50 frequency bands by using a plurality of the antenna el- 
ements and the conductive patterns. In this case, elec- 
tric current flowing through the housing and the board 
can be lessened and 'antenna characteristics at the time 
of use of the human body are probably improved. 

55 [0061] Meanwhile, it is, needless to say, possible to 
use by combining at least two of cases in which the elec- 
tric length of the antenna element and the conductive 
pattern is about (A/4), (A/2) and (3A/4). For example, in 
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case a composite device of the PDC system having a 
800-MHz band and a 1 .5 MHz band is materialized, it is 
naturally considered that in the 800-MHz band having a 
quite wide fractional band of about 17 %, the composite 
device functions as a (A/4) monopole antenna in order 
to obtain wide-band characteristics and in the 1 .5-MHz 
band having a comparatively narrow fractional band of 
about 5 %, the composite device functions as a (A/2) 
monopole antenna in which deterioration of character- 
istics at the time of use of the human body can be less- 
ened. 

[0062] Meanwhile, in case the (A/4) monopole anten- 
na and the (A/2) monopole antenna are arranged side 
by side, a feeding point of the (A/4) monopole antenna 
is disposed at an antinode of standing wave of electric 
current but a feeding point of the (A/2) monopole anten- 
na is disposed at a node of standing wave of electric 
current, so that electromagnetic coupling becomes 
smaller than a case in which the two (A/4) monopole an- 
tennas are arranged side by side and thus, isolation of 
the antennas from each other can be improved. 
[0063] Meanwhile, in case a plurality of the antenna 
elements and the conductive patterns are arranged ad- 
jacent to each other, such a problem arises that isolation 
of the antennas from each other deteriorates. However, 
this problem may be solved by, for example, an arrange- 
ment shown in Figs. 1 3A and 1 3B in which the antennas 
are arranged away from each other physically. Mean- 
while, parts similar to those of Figs. 1A, 1B, 11 A, 11 B, 
12A and 12B are designated by their reference numer- 
als. 

[0064] In Figs. 13A and 13B, "1301" denotes a porta- 
ble radio device, "1302" a first antenna element, "1302" 
a second antenna element and "1304" a flexible printed 
wiring board. In this case, it is important that a first con- 
ductive pattern 1304a and a second conductive pattern 
1 304b are 'disposed at outermost portions so as to be 
farthest from each other in the flexible printed wiring 
board 1 304. Meanwhile, since the antenna elements are 
disposed away from each other on the upper printed 
board 104, electromagnetic coupling therebetween 
weakens further, so that it is expected that isolation ther- 
ebetween can be improved. 

[0065] Meanwhile, as in an arrangement shown in 
Figs. 14A, 14B and 14C, it is considered that antenna 
elements are disposed further away from each other. 
Meanwhile, parts similar to those of Figs. 1 A and 1 B and 
Figs. 1 1 A and 1 1 B to Figs. 1 3A and 1 3B are designated 
by their reference numerals. 

[0066] In Figs. 14A, 14B and 14C, "1401" denotes a 
cellular phone terminal, "1402" a land pattern, "1403" a 
first antenna element, "1 404" a second antenna element 
and "1 405" a spring contact point. At this time, the sec- 
ond antenna element 1404 disposed in the upper hous- 
ing 1 01 is electrically connected to the land pattern 1 402 
on the upper printed board 104 via the spring contact 
point 1405 and is connected to the first feeding point 
1205 through the first conductive pattern 1304a of the 



flexible printed wiring board 1304. In this case, since the 
second antenna element 1404 is disposed at an inside 
of the upper housing 101, the second antenna element 
1404 can be spaced away from the first antenna ele- 

5 ment 1403, so that it is expected that isolation therebe- 
tween can be improved, Meanwhile, if a low-frequency 
antenna is constituted by the secbnd antenna element 
1404, the spring contact point 1405, the lend pattern 
1 402 and the first conductive pattern 1304a, the anten- 

10 na can be spaced away from a head at the time of use 
of the human body, so that not only deterioration of an- 
tenna characteristics can be restrained but a specific ab- 
sorption rate (SAR) value can be reduced. In case it is 
intended to lower the SAR value, peak value of the SAR 

15 generally rises as frequency becomes higher. There- 
fore, by disposing a high-frequency antenna into the 
housing, the SAR value can be reduced effectively, 
[0067] In order to improve isolation between the an- 
tennas, another method is considered in which a match- 

20 ing circuit is used as shown in Figs. 1 5A and 15B. Mean- 
while, parts similar to those of Figs. 1A, 1B : 11 A, 11B, 
12A and 12B are designated by their reference numer- 
als. 

[0068] In Figs. 15A and 15B, "1501" denotes a porta - 

25 ble radio device, "1502" a first matching circuit and 
"1503" a second matching circuit. As one example, a 
case is described in which two (A/4) monopole antennas 
operate at frequencies f 1 and f2, respectively. It is sup- 
posed here that when the first antenna element 1202 

30 and the first conductive pattern 1204a resonate at the 
frequency f 1 and the second antenna element 1 203 and 
the second conductive pattern 1204b resonate at the 
frequency f2, the relation of (f1 <f2) is satisfied. In this 
case, it is considered that the first matching circuit 1 502 

35 inserted between the first conductive pattern 1 204a and 
the first antenna feeding point 1 205 is formed by a low- 
pass filter. Thus, a signal emitted into space from the 
second antenna element 1 203 and the second conduc- 
tive pattern 1204b and having a frequency higher than 

40 the frequency f 1 is less likely to be received by the first 
antenna element 1202 and the first conductive pattern 
1204a. Therefore, in a signal inputted from the first an- 
tenna feeding point 1205, a signal component having a 
frequency higher than the frequency f1 is damped by 

45 the first matching circuit 1502, so that isolation is im- 
proved. Meanwhile, it is natural that the same effect can 
be gained also when the first matching circuit 1502 is 
formed by a high-stop filter. 

[0069] Meanwhile, it is considered that the second 
so matching circuit 1 503 inserted between the second con- 
ductive pattern 1204b and the second antenna feeding 
point 1206 is formed by a high-pass filter. Thus, a signal 
emitted into space from the first antenna element 1202 
and the first conductive pattern 1204a and having a fre- 
55 quency lower than the frequency f2 is less likely to be 
received by the second antenna element 1203 and the 
second conductive pattern 1 204b. Therefore, in a signal 
inputted from the second antenna feeding point 1 206, a 
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signal component having a frequency lower than the fre- 
quency f2 is damped by the second matching circuit 
1503, so that isolation is improved. Meanwhile, it is nat- 
ural that the same effect can be achieved also when the 
second matching circuit 1503 is formed by a low-stop 
filter. 

[0070] Meanwhile, the monopole antenna is not nec- 
essarily used exclusively for reception. In this embodi- 
ment, the monopole antenna is used in combination with 
the external antenna by way of example but can be, 
needless to say, used as an antenna for both transmis- 
sion and reception. In this case, it is possible to perform 
diversity reception by combining the monopole antenna 
with another built-in antenna. 

[0071] Meanwhile, position of the external antenna is 
not restricted to the illustrated one and only the built-in 
antenna may be naturally employed by eliminating the 
external antenna. 

[0072] As is clear from the foregoing description of the 
cellular phone terminal of the present invention, since 
the monopole antenna is constituted by the conductive 
pattern on the flexible printed wiring board and the con- 
ductive pattern on the printed board, electric current 
flowing through the antenna element on the flexible 
printed wiring board can be made smaller than a case 
in which only the conductive pattern on the flexible print- 
ed wiring board is used as an antenna, so that changes 
of characteristics of the cellular phone terminal upon its 
unfolding and folding can be restrained and introduction 
of noise into other signal conductor lines can be restrict- 
ed. 

[0073] Meanwhile, if the signal conductor lines except 
for the antenna of the flexible printed wiring board is 
formed by a microstrip line or a triplate line, the influence 
of noise introduction exerted by the antenna can be re- 
strained. 

[0074] Furthermore, if the recessed finger grip portion 
is provided on the lower housing, only the lower housing 
can be gripped without gripping the upper housing when 
the cellular phone terminal is held by a hand, so that 
deterioration of antenna characteristics in hand-held 
state of the cellular phone terminal can be prevented. 
[0075] In addition, if the flexible printed wiring board 
is provided such that the monopole antenna is spaced 
away from the external antenna, coefficient of correla- 
tion of the external antenna and the monopole antenna 
is reduced, so that diversity gain can be improved. 
[0076] Meanwhile, since the antenna functioning as 
the antenna of the (X/4) resonance system is capable of 
functioning as the antenna of the QJ2) resonance sys- 
tem upon changeover of the matching circuit, it is pos- 
sible to cover a plurality of frequency bands. Meanwhile, 
if a plurality of the antennas are formed by a plurality of 
the antenna elements and the conductive patterns, it is 
possible to cover a plurality of frequency bands. In this 
case, if the antennas are spaced away from each other 
or the matching circuit is inserted, isolation can be im- 
proved and antenna characteristics can be improved. 
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Claims 

1 . A cellular phone terminal comprising: 

an upper housing which includes an upper 
printed board; 

a lower housing which includes a lower printed 
board; 

a hinge; and 

a flexible printed wiring board; 

wherein the upper printed board and the 
lower printed board are foldably connected to 
each other by the flexible printed wiring board 
and the upper housing and the lower housing 
are rotated to each other about the hinge such 
that the cellular phone terminal is foldable; 

wherein unbalanced type linear antennas 
are formed on the flexible printed wiring board 
and at least one of the upper printed board and 
the lower printed board. 

2. A cellular phone terminal as claimed in Claim 1, 
wherein the flexible printed wiring board is consti- 
tuted by a strip line including a ground line and a 
signal conductor line, and a furthersignal conductor 
line functioning as an antenna. 

3. A cellular phone terminal as claimed in Claim 1, 
wherein the flexible printed wiring board is consti- 
tuted by a triplate line including two ground lines and 
a signal conductor line interposed between the 
ground lines, and a further signal conductor line 
functioning as an antenna. 



35 4. 



40 



45 



50 



6. 



55 



A cellular phone terminal as claimed in one of 
Claims 1 to 3, wherein a hollow is formed at a central 
portion of the hinge and one turn of the flexible print- 
ed wiring board is passed along an inside diameter 
of the hollow. 

A cellular phone terminal as claimed in Claim 4, fur- 
ther comprising: 

an external antenna for both transmission and 
reception, which is provided on the lower hous- 
ing such that a point of connection between the 
flexible printed wiring board and the lower print- 
ed board is disposed more adjacent to the ex- 
ternal antenna than a point of connection be- 
tween the flexible printed wiring board and the 
upper printed board is. 

A cellular phone terminal as claimed in one of 
Claims 1 to 5, wherein the linear antennas are 
formed on the upper printed board and the flexible 
printed wiring 'board and the linear antennas are fed 
from a feeding point on the lower printed board. 
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7. A cellular phone terminal as claimed in one of 
Claims 1 to 6, further comprising: 

a switching circuit; and 

a plurality of matching circuits of the linear an- 
tennas, which are changed over by the switch- 
ing circuit. 

8. A cellular phone terminal as claimed in Claim 7, 
wherein the linear antennas have an electric length 
equal to about (1/4) of their wavelength and each 
function as a QJ2) resonator for a wavelength of a 
different frequency band upon changeover of the 
matching circuit. 

9. A cellular phone terminal as claimed in one of 
Claims 1 to 8, wherein at least two further linear an- 
tennas are formed on the flexible printed wiring 
board and at least one of the upper printed board 
and the lower printed board and resonate at differ- 
ent frequencies, respectively, 

10. A cellular phone terminal as claimed in Claim 9, 
wherein the further linear antennas include at least 
two of an antenna having an electric length equal 
to (1/4) of its wavelength, an antenna having an 
electric length equal to about (1/2) of its wavelength 
and an antenna having an electric length equal to 
(3/4) of its wavelength. 

11. A cellular phone terminal as claimed in Claim 9 or 
10, wherein the two further linear antennas formed 
on theflexible printed wiring board are, respectively, 
disposed at opposite outermost sides. 

12. A cellular phone terminal as claimed in one of 
Claims 9 to 11 , wherein at least one of the further 
linear antennas includes a linear element disposed 
on an inner face of the upper housing or an inner 
face of the lower housing. 

13. A cellular phone terminal as claimed in one of 
Claims 9 to 1 2, wherein one of the further linear an- 
tennas has a lowest resonance frequency in the fur- 
ther linear antennas and is connected to a feeding 
point via a low-pass filter. 

14. A cellular phone terminal as claimed in one of , 
Claims 9 to 13, wherein a further one of the further 
linear antennas has a highest resonance frequency 
in the further linear antennas and is connected to a 
feeding point via a high-pass filter. 

15. A cellular phone terminal as claimed in one of 
Claims 9 to 1 2, wherein one of the further linear an- 
tennas has a lowest resonance frequency in the fur- 
ther linear antennas and is connected to a feeding 
point via a high-stop filter. 



16. A cellular phone terminal as claimed in one of 
Claims 9 to 1 2, wherein one of the further linear an- 
tennas has a highest resonance frequency in the 
further linear antennas and is connected to a feed- 

5 ing point via a low-stop filter. 

1 7. A cellular phone terminal f oldable into two sections, 
comprising: 

w a lower housing which is provided with a re- 

cessed finger grip portion. 

18. A cellular phone terminal as claimed in one of 
Claims 1 to 16, which is foldable into two sections, 

15 wherein the lower housing is provided with a 

recessed finger grip portion. 



Amended claims under Art 19.1 PCT 

20 

1 . (Amended) A cellular phone terminal comprising: 

an upper housing which includes an upper 
printed board; 

25 a lower housing which includes a lower printed 

board; 

a hinge; and 

a flexible printed wiring board; 

wherein the upper printed board and the 

30 lower printed board are foldably connected to 

each other by the flexible printed wiring board 
and the upper housing and the lower housing 
are rotated to each other about the hinge such 
that the cellular phone terminal is foldable; 

35 wherein unbalanced type linear antennas 

are formed on the flexible printed wiring board 
and at least one of the upper printed board and 
the lower printed board. 

40 2. A cellular phone terminal as claimed in Claim 1 , 
wherein the flexible printed wiring board is consti- 
tuted by a strip line including a ground line and a 
signal conductor line, and a further signal conductor 
line functioning as an antenna. 

45 

3. A cellular phone terminal as claimed in Claim 1 , 
wherein the flexible printed wiring board is consti- 
tuted by a triplate line including two ground lines and 
a signal conductor line interposed between the 
50 ground lines, and a 
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